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A 
Aggregation 
inductive expertise on partial recursive 
functions, 96, 139 
Agreement 
Byzantine 
expediting by shifting algorithms, 97. 
205 
protocol with optimal message bit 
complexity, modular construction, 97, 
61 
Algorithms 
classification as inherently sequential, 
model for, applications to graph 
searching, 97, 133 
density-control, for doing insertions and 
deletions in sequentially ordered tile 
in good worst-case time, 97, 150 
fault tolerant distributed, shifting for 
expediting Byzantine agreement, 97, 
205 
online, construction of bandwidth function 
of graph, 100, 178 
parallel, see Parallel algorithms 
polynomial time, for sentences over num- 
ber fields, 97, 262 
sorting: worst case complexity of BOT- 
TOM-UP HEAPSORT variant, 97, 
86 
symbolic model-checking, for ~-calculus: 
102’ states and beyond 98 142 , 3 
universal forecasting type, 96, 245 
Ambiguity 
in nondeterministic finite-state automata 
degree classification, 97, 1 
relationship to nondeterminism, 100, 
261 
Approximation 
independent set problem, complexity, 96, 
77 
resolution. see Resolution approximation 
Automata 
tinite 
nonuniform networks, synchronization, 
97, 234 
related problems, parallel complexity, 
97, 1 
relationship of ambiguity to nondeter- 
minism, 100, 261 
T-, structural, for modeling behaviors of 
synchronous systems, 97, 97 
B 
Bandwidth 
graph, function, online protocols for con- 
struction, 100, 178 
Behaviors 
infinite, proof systems for, 99, 178 
Binary codes 
construction from generalization of 
Zinoviev’s technique, 98, 132 
Bisimilation 
congruence 
in Structured Operational Semantics, 
100, 202 
weak, in CCS, characterization, 96, 115 
relativized, in compositional verification of 
protocols, 99, 80 
strong, in calculus of mobile processes, 
100.41 
Bits 
message, optimal complexity. Byzantine 
agreement protocol with, modular 
construction, 97, 61 
Bounds 
lower 
on areas of multilective determininstic 
and nondetermistic VLSI-circuits, 
provision by branching programs, %, 
168 
on complexity of term matching prob- 
lems, tightness, 101, 33 
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Branching programs 
for providing lower bounds on areas of 
multilective deterministic and non- 
deterministic VLSI-circuits, 96, 168 
C 
Calculus 
lambda, see Lambda calculus 
mu, symbolic, model-checking algorithm: 
lo*’ states and beyond, 98, 142 
Pi 
mobile processes, theory 
development, 100, 41 
natural expression of processes with 
changing structures, 100, l 
Calculus of Communicating Systems 
expression of mobile processes: n-calculus, 
loo, 1 
Milner’s, weak bisimulation congruence in, 
characterization, %, 115 
Calculus of constructions 
extended, with inductive types, 99, 231 
CCS, see Calculus of Communicating 
Systems 
Circuits 
VLSI, multilective deterministic and non- 
deterministic, lower bounds on areas 
of, provision by branching programs, 
%, 168 
Classes 
concept, efficient learning from examples 
in parallel, models, %, 179 
partial equivalence, extensionality, 98, 211 
Codes 
binary, see Binary codes 
and generic oracles and uniform machines, 
relationship, 96, 65 
retrograde, relationship to bounded syn- 
chronization delay, 96, 55 
Commutativity 
free partial, monoids with, string matching 
problems over, 101, 131 
Complexity 
approximation of independent set prob- 
lem, 96, 77 
classes, characterization by general recur- 
sive definitions in higher types, 101, 
202 
Kolmogorov, generic oracles, 96, 65 
message bit, optimal, Byzantine agreement 
protocol with, modular construction. 
97, 61 
ordinal, recursive definitions, 99, 123 
parallel, finite-state automata problems, 
130, 1 
results for Petri net problems, unified 
approach for derivation, 96, 119 
sequential and parallel, tight bounds for 
term matching problems, 101, 33 
stochastic games, 96, 203 
worst case, BOTTOM-UP HEAPSORT 
variant, 97, 86 
Computability 
over finite structures: query languages for 
hierarchic databases, 101, 1 
Computations 
distributed, see Distributed computing 
lixpoint, foundations: FIX-hyperdoctrines 
and FIX-logic, 98, 171 
highly parallel, modulo number having 
only small prime factors, 96, 95 
Confluence 
typed /?-reduction plus rewriting: applica- 
tion to polymorphic I-calculus, 101, 
251 
Congruence 
bisimilation 
strong, in Structured Operational 
Semantics, 100, 202 
weak, in CCS, characterization, %, 115 
Conversion 
analog-to-digital, predictive, for resistance 
to data outliers, 98, 56 
D 
Databases 
hierarchic, query languages for, 101. 1 
Dataflow 
indeterminate primitives, expressive power, 
98, 99 
Data outliers 
resistant predictive source encoding, for 
analog-to-digital conversion, 98, 56 
Data structures 
dynamic, LISP-like, lattice of graphs for 
abstract interpretation of, 101, 70 
representation as processes: calculus of 
mobile processes, 100, 1 
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Decision theory 
based generalization of Probably Approx- 
imately Correct model for neural net 
and other learning applications, 100, 
78 
Decompositions 
ear, series-parallel graphs, parallel recog- 
nition, 98, 41 
Definitions 
general recursive, in higher types, charac- 
terization of complexity classes, by, 
101, 202 
recursive, ordinal complexity, 99, 123 
Delay 
bounded synchronization, relationship to 
retrograde codes, %, 55 
synchronization of nonuniform networks 
of finite automata, 97, 234 
Deletions 
and insertions, in sequentially ordered tile 
in good worst-case time, density-con- 
trol algorithm for, 97, 150 
Density control 
algorithm, for doing insertions and dele- 
tions in sequentially ordered tile in 
good worst-case time, 97, 150 
Diagonalization 
delayed, general formulation, derivation of 
uniformity and fixed-point theorems 
from, 98, 1 
Distributed computing 
optimal placement of identical resources in 
tree, 96, 1 
Distributed protocols 
Byzantine agreement, with optimal 
message bit complexity, modular con- 
struction, 97, 61 
Domains 
dI, representation as prime information 
systems, 100, 151 
Scott, representing using information 
systems, 100, 151 
E 
Encoding 
source, predictive, resistant to data out- 
hers, for analog-to-digital conversion, 
98, 56 
Examples 
in parallel, learning concept classes from, 
96, 179 
positive structural, efficient learning of 
context-free grammars from, 97, 23 
Expressiveness 
indeterminate dataflow primitives, 98, 99 
Extensionality 
partial equivalence classes, 98, 211 
F 
Factors 
prime, see Prime factors 
Fields 
number, polynomial time algorithms for 
sentences over, 97, 262 
Files 
sequential, see Sequential files 
Forecasting systems 
algorithmic simplicity: universal forecast- 
ing, 96, 245 
Formats 
fyft/lyxt, in Structured Operational 
Semantics with bisimilation as con- 
gruence, 100, 202 
Fragments 
finite-rank, of second-order, I-calculus, 
type reconstruction in, 98, 228 
Functions 
global, complexity classes of, characteriza- 
tion by general recursive definitions in 
higher types, 101, 202 
partial recursive, aggregating inductive 
expertise on, 96, 139, 
total computable, recursive and iterative 
defmitions, classification. 99, 123 
G 
Games 
stochastic, complexity, %, 203 
Grammars 
context-free, efficient learning from 
positive structural examples, 97, 23 
Graphs 
heap, lattice for abstract interpretation of 
LISP-like dynamic structures, 101, 70 
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online algorithms, bandwidth problems, 
100, Ii8 
searching, applications of model for clas- 
sifying algorithms as inherently 
sequential. 97, 133 
series-parallel, parallel recognition, 98, 41 
H 
Hierarchies 
database structures with, query languages 
for, 101, 1 
Hyperdoctrines 
FIX-, and FIX-logic: foundations for 
fixpoint computations, 98, 171 
Index registers 
k versus k + 1, and modifiable versus non- 
modifiable programs, effect on power 
of Random Access Machines, 101, 123 
Inference 
inductive, machines, theories given by, 
aggregation, %, 139 
Insertions 
and deletions, in sequentially ordered file 
in good worst-case time, density-con- 
trol algorithm for, 97, 150 
Interpretation 
abstract 
LISP-like dynamic structures, lattice of 
graphs for, 101, 70 
for recursively defined types, in strictness 
analysis, 99, 154 
L 
Lambda calculus 
in characterization of complexity classes 
by general recursive definitions, 101, 
202 
encoding into n-calculus, 100, 1 
polymorphic, categorical models, 99, 1 
second-order, type reconstruction in finite- 
rank fragments, 98, 228 
untyped, addition of algebraic rewriting, 
101, 251 
Languages 
functional, with recursively defined types, 
strictness analysis based on abstract 
interpretation, 99, 154 
logic programming, probabilistic charac- 
terization, 101, 150 
query, DL, for hierarchic databases, 101, 1 
rational, determination of generalized star 
height, 101, 219 
synchronous, denotational model encom- 
passing relational and functional 
specification styles, 97. 192 
Lattice 
graphs for abstract interpretation of LISP- 
like dynamic structures. 101, 70 
Laws 
O-1, for inlinitary logics, 98, 258 
Learning 
concept classes from examples in parallel, 
models, %, 179 
efftcient, context-free grammars from 
positive structural examples, 97, 23 
Learning applications 
neural net and others, Probably Approx- 
imately Correct model, decision 
theoretic generalizations, 100, 78 
Logic 
constructive, foundations for lixpoint com- 
putations: FIX-hyperdoctrines and 
FIX-logic, 98, 171 
first-order, resolution approximation, %, 
225 
FIX-, and FIX-hyperdoctrines: founda- 
tions for lixpoint computations, 98, 
171 
infinitary, and O-l laws, 98, 258 
modal, PDL, for cyclic repeating, 101, 103 
programming, probabilistic semantic 
characterization, 101, 150 
M 
Machines 
Aiken and von Neumann. comparison, 
101, 123 
inductive inference, theories given by, 
aggregation, 96. 139 
Random Access, with k versus k + 1 index 
registers and modifiable versus non- 
modifiable programs, comparison, 
101. 123 
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Turing, single-tape, deterministic simula- Numbers 
tion by random access machine in fields, sentences over, polynomial time 
sublinear time, 99, 109 algorithms for, 97, 262 
uniform, and generic oracles and codes, having only small prime factors, highly 
relationships, 96, 65 parallel computations module, %. 95 
Matchings 
string, associated problems over free par- 
tially commutative monoids, 101, 131 
0 
term, associative, commutative, and 
associative-commutative problems, 
tight complexity bounds for, 101. 33 
Mobile processes 
n-calculus 
development of theory, 100, 41 
generalization of conventional process 
algebras in treating mobility, theory, 
Operators 
indeterminate fair merge, expressive 
power, 98, 99 
Optimization 
combinatorial: complexity of approxima- 
tion of independent set problem, %, 
11 
Oracles 
100, 1 generic, and uniform machines and codes, 
Models relationship, 96, 65 
algebraic, synchronous systems, 97, 97 
categorical, polymorphic i-calculus, 99, 1 
for classifying algorithms as inherently P 
sequential, with applications to graph 
searching, 97, 133 
Parallel algorithms 
for efftcient learning of concept classes highly parallel, modulo number having 
from examples in parallel, 96, 179 
only small prime factors, %, 95 
checking, symbolic. for p-calculus: 10” for learning concepts from examples, 96, 
states and beyond, 98, 142 
179 
Monoids for recognizing series-parallel graphs, 98, 
free partially commutative, string matching 
41 
problems over, 101, 131 
Parallel processing 
highly parallel computations modulo num- 
ber having only small prime factors, 
96, 95 
N Paths 
Petri net, existence, unified approach for 
Net deciding, 96, 119 
Petri, see Petri net Petri net 
Networks certain paths, existence, unified approach 
neural and other learning applications, for deciding, %, 119 
Probably Approximately Correct Placement 
model, decision theoretic generaliza- optimal, identical resources in tree, 96, 1 
tions, 100, 78 Points 
nonuniform, of finite automata, syn- fixed, computations, foundations: FIX- 
chronization, 97, 234 hyperdoctrines and FIX-logic, 98, 171 
Nondeterminism theorems, and uniformity theorem, deriva- 
expressive pouer of indeterminate data tion from delayed diagonalization. 
flow primitives, 98, 99 98, 1 
relationship to ambiguity in finite Polymorphism 
automata, 100, 261 I-calculus with, categorical models, 99, 1 
Nonuniform link delay Prime factors 
synchronization with, networks of finite small, number having only, highly parallel 
automata. 97. 234 computations module, 96, 95 
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Primitives Resources 
indeterminate data, expressive power, 98, identical, in tree, optimal placement, 96, 1 
99 Rewriting 
Probably Approximately Correct algebraic, addition to untyped L-calculus, 
decision theoretic generalizations for 101, 251 
neural net and other learning apphca- 
tions, 100, 78 
Problems S 
finite-state automata, parallel complexity, 
91, 1 
generalized star-height, results, 101, 219 
independent set, approximation com- 
plexity, 96, 77 
online graph bandwidth, 100, 178 
string matching, over free partially com- 
mutative monoids, 101, 131 
term matching, tight complexity bounds 
for, 101, 33 
Processes 
mobile, see Mobile processes 
Processing, see Parallel processing 
Programming 
logic, probabilistic semantic characteriza- 
tion, 101, 150 
Programs 
branching, see Branching programs 
Protocols 
compositional verification with relativized 
bisimulation, 99, 80 
distributed, see Distributed protocols 
R 
Reasoning 
probabilistic, in logic programming, 101, 
150 
Reconstruction 
type, in finite-rank fragments of second- 
order &calculus, 98, 228 
Relations 
partial equivalence, extensional, 98, 211 
Repetition 
cyclic, of program u, modal logic for, 101, 
103 
Resistance to outliers 
predictive analog-to-digital conversion for, 
98, 56 
Resolution approximation 
first-order logics, 96, 225 
Search 
breadth-first, in application of model for 
classifying algorithms as inherently 
sequential, 97, 133 
Semantics, 
structured operational, see Structured 
operational semantics 
Sentences 
arithmetical, over number fields, polyno- 
mial time algorithms for, 97, 262 
Sequential tiles 
insertions and deletions in good worst-case 
time, density-control algorithm for, 
97, 150 
Sequentiality 
inherent, model for classifying algorithms 
with, with applications to graph 
searching, 97, 133 
Sets 
independent, associated problem, approx- 
imation complexity, %, 77 
Shifting 
between algorithms, for expediting Byzan- 
tine agreement, 97, 205 
Simulation 
deterministic, single-tape Turing machine 
by random access machine in sub- 
linear time, 99, 109 
Sorting 
BOTTOM-UP HEAPSORT variant, 
worst case complexity, 97, 86 
Star height 
generalized problem, results, 101, 219 
States 
lo2 and beyond, symbolic model-checking 
algorithm, 98, 142 
Strictness analysis 
via abstract interpretation, for recursively 
defined types, 99, 154 
Strings 
matching, associated problem over free 
partially commutative monoids, 101, 
131 
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Structured Operational Semantics 
Plotkin’s, characterization: importance of 
bisimulation as congruence 100, 202 
Structures 
data, see Data structures 
finite, computability over: query languages 
for hierarchic databases, 101, 1 
ordinal, needed to verify termination of 
recursive definitions, complexity. 99, 
123 
Synchronization 
bounded delay, relationship to retrograde 
codes, 96, 55 
nonuniform networks of finite automata, 
97, 234 
Systems 
forecasting, see Forecasting systems 
prime information, in determination of d1 
domains, 100, 151 
proof, for infinite behaviors, 99, 178 
synchronous 
algebraic model, 97, 97 
reactive, denotational theory, 99, 192 
transition 
labeled, in calculus of mobile processes, 
loo, 41 
specifications, general properties of 
classes of, in Structured Operational 
Semantics, 100, 202 
Tapes 
single, Turing machine with, deterministic 
simulation by random access machine 
in sublinear time, 99, 109 
Theorems 
completeness, for Modal Logic for Cyclic 
Repeating, 101, 103 
fixed-point and uniformity, derivation 
from delayed diagonalization, 98, 1 
Theories 
decision, see Decision theory 
denotational, of synchronous reactive 
systems, 99, 192 
iteration and feedback, algebraic model of 
synchronous systems, 97, 97 
Time 
polynomial algorithms, for sentences over 
number fields, 97, 262 
worst-case, good, doing insertions and 
deletions in sequential file in, density- 
control algorithm for, 97, 150 
Trees 
identical resources in, optima1 placement, 
96. 1 
Types 
higher finite, general recursive definitions 
in, characterization of complexity 
classes, 101, 202 
inductive, extended calculus of construc- 
tions with, 99, 231 
reconstruction, in finite-rank fragments of 
second-order I-calculus, 98, 228 
recursively defined, abstract interpretation 
for, in strictness analysis, 99, 154 
U 
Uniformity 
theorem, and fixed-point theorems, deriva- 
tion from delayed diagonalization, 
98, 1 
V 
Verification 
compositional, protocols, with relativized 
bisimulation, 99, 80 
w 
Worst-case analysis 
complexity of BOTTOM-UP HEAPSORT 
variant, 97, 86 
Zinoviev’s technique 
generalization, in construction of binary 
codes, 98, 132 
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